Abstract: In a multidisciplinary study, highly significant interactional effects were found among land use, livestock component, soil properties and rainfall. On an average, 16.2 to 82.2 tonnes of sediment yield km −2 and more than 90% of rainwater was retained in-situ in new land use systems as against 3621.3 tonnes of sediment and 66.3% rainwater retention in shifting cultivation, because of poor land cover. Good vegetation cover reduced the runoff load, resulting in significant reduction in the soil and nutrient erosion. The average sediment yield was only 0.44%, 2.68%, 1.47%, 0.31%, 0.73% and 2.27% in livestock based, forestry, agro-forestry, agriculture, agri-horti-silvi-pastoral and horticulture land use systems of that of shifting cultivation. Highest average sediment yield was 704.3 t km −2 when the annual rainfall was 2770 mm and minimum 405.4 t km −2 when the annual rainfall was 1992 mm. More in-situ retention of rainwater helped in the availability of adequate moisture from the soil to the succeeding crops when the rainy season receded. The sediment yield varied according to the rainfall received during a particular year and the nature of vegetation in a particular land use. There was sufficient fertility build-up in the watersheds where animals were kept and after ten years of start of the study, no need of inorganic sources of nutrients was required. The organic carbon, humus, exchangeable calcium, magnesium, potassium and available phosphorus increased significantly in the new land use systems compared to shifting cultivation, however, the DTPA (Diethylene triamine penta acetic acid) extractable zinc, copper, iron and exchangeable aluminium decreased over the initial soil status. It showed that the vegetation in the new land uses had a smothering effect on the soil and increase in the elements had a favourable impact on the crop productivity.
Introduction
Land use change and its hydrological consequences have received considerable attention in hydrology. The relationship between water and living organisms is an intimate one. Communities of algae, protozoans and moulds that grow over substrates, changes their nature and behavior (Powell 2004) . Water and people are similarly connected. The space-time distribution of soil moisture provide a crucial link between hydrological and biophysical processes through its controlling influence on transpiration, runoff generation, carbon assimilation and moisture absorption by plants. The interrelationship between biophysical and geophysical determinants of surface water balance is at the helm of number of issues in both hydrological and ecological sciences. It is often suggested that it is important to include changes in hydrological fluxes and soil properties in response to land use change. Groundwater contamination in farming areas in the northeastern region of India originates from diffuse sources. Densely fissured aquifers are particularly vulnerable to contamination caused by fertilizer application, animal feeding operations, leaching of solid wastes and leakage from household water disposal system. Hydrologists have considerable interest in land use change and its hydrological consequences, both from the perspective of field monitoring (Bosch & Hewlett 1982) and from a modelling perspective (Niehoff 2002) . To understand effective eco-system management, there is need to use interactive models to simulate the hydrological processes, together with the meteorological and climatic variables and also with ecological behavior of the eco-system. Several studies on tropical soils reveal an increase of bulk density when forest land is converted to pasture or crop land (Murty et al. 2002) . The northeastern region of India, with an area of 255,090 km 2 , is predominantly hilly (Fig. 1) . The social sanctions and belief system maintained a balance between resource potential and their utilization for a long time but due to the increase in the demographic pressure and indiscriminate use of natural resources, imbalance has been created (Sharma 2001) . The fast growing population in the region has pressurized the food production base and to satisfy their needs, the people have mismanaged and misused water resources (Sharma 2003) . Due to anthropogenic and natural factors like prevalence of shifting cultivation, land tenure system, large number of domestic animals, free range grazing, deforestation and heavy rainfall; there has been large-scale land and environmental degradation. A multidisciplinary study was, therefore, undertaken to monitor the extent of the soil and nutrient erosion due to runoff, effect of land use on soil properties, resource degradation and interrelationship between various causal factors.
Material and methods
The northeastern region of India, comprising seven states, is inhabited by various tribes. It receives about 510 km 3 of water as rainfall but its indiscriminate use and mismanagement has rendered the region in a fragile state. Shifting cultivation is practised in 3,869 km 2 area, annually, in north eastern region of India; however, the total affected area is 14,660 km 2 . It has resulted in huge soil erosion in the hills and silting of river beds and floods in the plains. To evolve eco-friendly, viable and sustainable land use systems, a multi-disciplinary, long term study was undertaken with different land use systems to monitor their comparative efficacy with regard to in-situ retention of rain water, water yield as runoff, surface and sub-surface flows and loss of soil from different watersheds as well as influence of livestock on landscape and soil properties (Table 1). The livestock included cows, pigs, rabbits and goats. The scientists from the disciplines of soil science, agronomy, horticulture, animal production, soil and water conservation and, social sciences were involved in the study for 10 years, the period for which results have been reported. The statistical significance of the results was calculated at 5% level of critical difference. Sediment yield from erosion was evaluated through representative gauges installed at the exit point of each land use watershed. The runoff samples, whenever it occurred, were collected in a permanently fixed small structure and representative samples were drawn for the soil content and analysis of nutrient elements. A part of the runoff samples was dried to determine the sediment yield. The major thrust was to monitor hydrological behaviour of different land use systems with watershed approach and interactional effects among plant, soil, livestock and water. The land use systems being studied are livestock based (grasses and fodders), forestry, agroforestry (forest trees and agricultural crops), agriculture, agri-horti-silvi-pastoral (forest on top of the hill slope, horticultural crops in middle and agricultural crops down the slope) and shifting cultivation. The watersheds slope varied from 32% to 41% and soil and water conservation measures followed were contour bunds, trenches, bench terraces, half-moon terraces and grassed water-ways. The monitoring gauges were installed at the exit point of each watershed and the observations were recorded during different years under various rainfall regimes. The rainfall variability index (RVI) was determined as RVI = (Rainfall during the year -Average rainfall over the years)/standard deviation. The rainfall data of 25 years, recorded from rain gauges installed adjoining experimental site, was used to calculate RVI. The initial soil status for different parameters was determined from the soil samples collected from the study site before the start of the experiment. The sampling was done from ten sites and the analytical results were averaged. To study the nutrient buildup, five soil samples were taken from each land use and analysed for various constituents. The samples were taken in the first week of May every year after harvest of the winter crops and before sowing of the summer crops. The soil samples from the horticulture and agro-forestry were also taken during this time of the year. The chemical analysis of soil and runoff samples was done as per procedures mentioned by Jackson (1973) .
Results

Rainfall variability index
The rainfall variability index (RVI) in the Brahmaputra basin, calculated on the basis of the last 25 years rainfall data, varied between -1.77 to +1.85 (Fig. 2) . It, however, showed spatial and temporal variations, indicating uncertainties in the timing of floods for judicious management strategies. The negative values indicate rainfall deficit years and positive value, high rainfall years as per the value of RVI. When correlated with flood incidences in the basin, the positive RVI values correlated significantly well with flood years, indicating the significance of precipitation in flood events. Large fluctuations in the rainfall pattern do not allow uniform approach in flood management approach.
Interactional effects of land use, precipitation and sediment yield
The results showed that, on an average, 16.2 to 82.2 tonnes of sediment yield km −2 and more than 90% of rainwater was retained in-situ in new land use systems as against 3621.3 tonnes of sediment and 66.3% rainwater retention in shifting cultivation ( Table 2 ). The average sediment yield was only 0.44%, 2.68%, 1.47%, 0.31%, 0.73% and 2.27% in fodder, forestry, agro-forestry, agriculture, agri-horti-silvi-pastoral and and horticulture land use systems of that of shifting cultivation. The average sediment yield varied between 11.2 t km −2 in agriculture land use and 3621.3 t km −2 in the shifting cultivation. Highest average sediment yield was 704.3 t km −2 when the annual rainfall was 2770 mm and minimum 405.4 t km −2 when the annual rainfall was 1992 mm. More than 90% of rainwater was retained in-situ in new land use systems compared to below 60% in the shifting cultivation.
Influence of land use on soil characteristics Different land uses had a significant influence on various soil characteristics (Table 3) . The organic carbon, humus, exchangeable calcium, magnesium, potassium and available phosphorus increased significantly in the new land use systems compared to shifting cultivation, however, the DTPA extractable zinc, copper, iron and exchangeable aluminium decreased over the initial soil status. It was observed that the soil pH, in the land use where grasses and fodder crops were grown, increased from 4.9 (highly acidic) to 6.2 (moderately acidic) conditions over the years. The organic carbon increased from 0.9% to 1.2%, humus from 0.2 to 0.5%, exchangeable Ca from 340 to 596 mg kg −1 and exchangeable K from 105 to 185 mg kg −1 , while exchangeable Al decreased from 117 mg kg −1 to as low as 30 mg kg −1 . The development of humus after 10 years was maximum in the agro-forestry system followed by land uses having horticulture, grasses/fodders and horti-agriculture (Fig. 3) . However, up to 6 th year, the humus content was higher in land use with grasses and fodder crops due to more addition of organic material in this land use compared to agro-forestry land use where the trees were in growing stage initially and leaf litter added was in small amounts. The humus in agro-forestry land use increased from 0.21% to 0.50%, an increase of 138%.
Discussion
Socio-economic aspects and hydrology
The homo-sapiens were under awe of natural objects such as mountain, oceans, rivers, forests etc., from the pre-historic age. The people were small in number, primitive in technology and their needs were extremely limited. Slowly, their number increased and needs multiplied. The northeastern region is inhabited by various tribes and their economy can conveniently be divided into hunting, nomadism, pastrolism, shifting cultivation and now, settled cultivation up to some extent. The soil fertility is on decline as there is limited material to burn and add to the soil as with increase in population, the shifting cycle has decreased from 25 to about 5 years. Shifting cultivation in the region is not only a set of agricultural practices but implies the whole nexus of people's religious belief, attitude, self image and tribal identity. This kind of inter-connections between different elements and domains of social life restricts the cultivators to leave shifting cultivation. This was mainly because of lack of alternate land use systems for food security and livelihood. The land in the region belongs either to (i) village chief, (ii) community or (iii) individuals. The prevalence of free range grazing by livestock discourages the cultivators to go for winter crops. There is a strong connection among land use, soil, animals (including man) and hydrology in the region, affecting water resources and their management.
Interactional effects
Due to more infiltration of rainwater in the soil with adequate plant cover in new land use systems, besides other factors, the runoff has considerably reduced, resulting in low flows to river channel and reduced incidence of floods. Changes in land use with tested land use systems will help in reduction of flood incidences in the region. The changes in the land use influences the river system and close interaction between the river and river catchment. It is important to integrate the land uses with afforestation and soil conservation measures. It was observed that proper vegetation cover has reduced the soil and nutrient load in runoff, resulting in significant reduction in the soil and nutrient erosion. More in-situ retention of rainwater helped in the availability of adequate moisture from the soil to the succeeding crops when the rainy season receded. The sediment yield varied according to the rainfall received during a particular year and the nature of vegetation in a particular land use. There was sufficient fertility buildup in the watersheds where animals were kept and after ten years of start of the study, no need of inorganic sources of nutrients was required for optimum crop productivity. The addition of dung and urine of animals had an amelioration effect on soil properties and due to increase in soil porosity, more in-situ retention of rainwater was found, thereby reducing the runoff and soil loss. The animal dung is a store-house of various organisms, bacteria, fungi etc. and, so, enhanced the living organism activity in the soil. The prevalence of shifting cultivation in the region has caused huge soil erosion in the hills and silting of river beds and floods in the plains and valley areas (Sharma & Prasad 1995) . The large data obtained through experimentation showed that a reasonable balance between land use, soil management and hydrology of the region is necessary for sustainable environment and ecology and enduring food security. Some constituents e.g. nitrate, are subject to chemical and biological processes in both groundwater and surface water passing through the basin. In agricultural production nutrients lost to water bodies do not contribute to the yield, but represent an economic loss. The decrease in exchangeable aluminium was favourable for plant growth. The results corroborate the findings of Singh et al. (1991) . It was observed that the vegetation in the new land uses had a smothering effect on the soil and increase in the elements as mentioned above had a favourable impact on the crop productivity. The decrease in iron and aluminium content in the soil was also favourably good as their initial soil content was toxic to the plants. In the long term, the land use change will also have effect on soil physical properties (Singh & Das 1993) . The humus content was low in agro-forestry than grasses land use up to 6 th year because the trees were small and very meager quantity of leaf litter was added, which increased subsequently with canopy growth of trees. The higher humus content with passage of time was due to the reason that forest litter remained in-situ and decomposed to add humus. An understanding of the mechanisms that control groundwater interactions with surface water is crucial for the effective management of water resources and the conservation of its associated ecosystem.
We can conclude that for integrated water resources management in northeastern region of India, it would be necessary to manage the rainwater as well as have adequate land cover with proper vegetation. There is urgent need for ecologically sound, sustainable and productive land use system, which may ensure maximum in-situ retention of rain water, reduced runoff as well as minimize soil loss. The results of the present study show that better options are available in the form of new land use systems studied, which fulfill above conditions and can replace shifting cultivation. There is need to popularize these land use systems under suitable agro-climatic conditions and areas having good marketing facilities. Indiscriminate water use needs to be avoided in the region. An ability to model the interaction between climate, soil and vegetation would enable us to predict the responses of these sensitive ecosystems to a changing global environment.
